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Time-Series/Statistical Analysis Programs for Water Resources

. DTHA - Time Series / Statistical Analysis _ ‘ N ] h at is it‘?

OTHA - Omaha Tools for Hydrologic Analysis 2 . . . .
R IOTHYCIO0GE AEYEE e -Collection of programs/routines written in

L. ) Ll Time Series/Statistical Analtysis Programs / Omaha District on an ‘“as-needed’ basis

of Engineers N
Omaha District tor Water Besources Data

- “Advanced” statistical routines to use in

conjunction with HEC-FFA, STATS

- Small, simple, stand-alone routines

CORRDSS

- FORTRAN engines/VB GUI Interfaces

S e - Toolbox for time-series and statistical

analyses.
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. OTHA - Time Series / Statistical Analysis

OTHA - Omaha Tools for Hydrologic Analysis » ".I \‘ - SPECIFIC MODELLING GOALS:

U.5. Army Corps Time Series/Statistical Anatysis Programs
of Engineers - =

Omaha District for Water Resources Data - Direct access to data via the Internet

. Peak Flaw Progre

- Convert data to standardized format

(DSS - Daily Flow and FFA Input - Peak Flow)

- Provide for monthly, seasonal, or annual analysis
- Provide a common “look or feel” for all routines

ues the di - Provide a useful tool for working engineers

- Quick “tour” of program ....
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w. OTHA - Time Series / Statistical Analysis

OTHA - Omaha Tools for Hydrologic Analysis

U.S. Army Corps Time Series/Statistical Analysis Programs
of Engineers & =

Omaha Dishrict for Water Resources Data

Intermet into HE
farmat

CORR
computes ba
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. OTHA - Time Series / Statistical Analysis

OTHA - Omaha Tools for Hydrologic Analysis

U.5. Army Corps Time Series/Statistical Analysis Programs
of Engineers & =

Omaha District for Water Resources Data

Daily Flay Inst. Peak Flow

AWwaT

al parame
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w. OTHA - Time Series / Statistical Analysis

OTHA - Omaha Tools for Hydrologic Analysis

U.S. Army Corps Time Series/Statistical Analysis Programs
of Engineers & =

Omaha Dishrict for Water Resources Data

Precip and Hisk HEC Programs

[raily Flow Programs

Das - LIST
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w. OTHA - Time Series / Statistical Analysis

OTHA - Omaha Tools for Hydrologic Analysis

U.S. Army Corps Time Series/Statistical Analysis Programs
of Engineers & =

Omaha Dishrict for Water Resources Data

General
Infarn

[raily Flow Programs

HEC-DSPLAY

HEC-DSSUTL

HEC-DSSYIIE
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w. OTHA - Time Series / Statistical Analysis

OTHA - Omaha Tools for Hydrologic Analysis

U.S. Army Corps Time Series/Statistical Analysis Programs
of Engineers & =

Omaha Dishrict for Water Resources Data

General Program

PRECFREQ - which v itker by 1en Mey
EXTEMNSION - which itter by Tam M avrkal

For further informatio erning OTHA, ple kthe OTH

Routines...
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DAILYDSS

. DAILYDSS - Retrieve/Convert Web-test file of daily flow into DSS

- Retrieves/Converts USGS Daily flow data

- Links to USGS Daily Flow Site —
using default browser

Ausilay Programs E— - Once find gage — download data
(Save as “Tab-separated data file™)

- Give DSS filename and DSS Pathname
e - Converts to DSS
RIVER/MILES _ AISO WOI‘kS On USGS “RECENT” data.

STONGUE RIVER/MILES

150,
FTONGUE RIVER/MILEZ

1EE.

FTONGUE RIVERSMILEX
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DSSSTATS

. DSSSTATS - Computes Max, Min, Mean Daily ¥alues From DS5S a

- Annual statistical summary of daily flows

DSS Pathname - B Mln) maX) means) VOlumeS

/PLATTE R./NORTH BEND/FL

- Monthly, seasonal, or annual basis

- Graphical Freq. Analysis

HEC-DSPLAY HEC-D

- Analytical Freq. Analysis

- Writes max flows out to FFA Input File

- Trend Analysis/Statistical Tests

- Example:
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Annual Period:

Statistical Analysis:

num
of min
values value

366 663.00
365 530.00
365 500.00
365 315.00
366 520.00
365 633.00

date
of
min value

22DEC1960
24JUL1961
11DEC1962
26JUL1963
30JUL1964
17AUG1965

Monthly Period:

Statistical Analysis:

num
of min
values value

31 3230.00
31 2850.00
31 1700.00
31 1880.00
31 1460.00
31 2760.00

date
of
min value

30MAY1960
03MAY1961
15MAY1962
28MAY1963
25MAY1964
17MAY1965

date
of
max value

29MAR1960
24MAY1961
26MAR1962
24JUN1963
17JUN1964
26MAY1965

date
of
max value

07MAY1960
24MAY1961
20MAY1962
02MAY1963
27TMAY1964
26MAY1965

lag-1
serial
corr.

.8533
.9918
.8511
.7609
.5513
.9303
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Trend Analysis:
Powder R. near Locate, MT
Annual Maximum Mean Daily Flows

TREND ANALYSIS: Slope = -107 cfs/year

STATISTICAL SIGNIFICANCE TEST: Trend (95% Significance Level)
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BALHYD

Wi, BALHYD - Performs ¥Yolume-Frequency Analysis using HECSTATS

- Serves as GUI for HEC-STATS

Dates and Periods

D55 Pathname

- Runs STATS (Vol-Freq) in “background”

/PLATTE R./NORTH BEMD/FLOW /Y

Starting Period;

I Ak

- Takes STATS results and develops
“Symmetrical Balanced Hydrographs”

Setup HEC-STATS Run HEC-STATS

- Writes 10-, 25-, 50-, 100-, and 500-year
Heon BH to HEC-DSS

baravion Durenion  letederr  tererh - F-Part Path — “100-Year BH”

100-Year Balanced Hydrograph

- Monthly, seasonal, or annual basis
L2400,
2061000,

- Example:
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Omaha District

JPLATTE R /NORTH BEND/FLOW/01JAN2000/1DAY/100-YEAR/

50-, 100-, 500-Year Balanced Hydrographs

1000000

Volume-Frequency Relationship
From HEC-STATS

100000

Flow in cfs

0.99990.999 0.99 0.950.9 0.80.70.60.50.40.30.2 0.10.05 0.01 0.001 0.0001 A 15M;320(1)(7) e e

== NORTH BEND 100-YEAR FLOW

Exceedance Frequency in Percent

-Pretty simple — a lot of number crunching

-Used to take days, now can do in minutes.
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CORRDSS

. CORRDSS - Computes cross-correlation between two daily time-s

-Time-Series cross-correlation using the cross
covariance

i
i _ Ck

k i /7)1/2

(c.c

First Lag: Last Lag:

T . = i i
/. Sl _ _
Ck - ( N ) ; (yf+k yl’lt’(l’l)(yf yme[m)

Auillary Programs

HEC-DSPLAY HEC-DSSUTL : )
-Tells prob that 2 rivers will flood concur

-Number btwn 0 and 1 indicating coincidence

-Confluences or interior drainage analyses

-Example:
f

) \
g S — S

|
J'-L‘-ﬁ,,-m..J\.HU"IJ L
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Cross-Correlation Coefficients
for Various Creeks and Rivers

Yellow

stone River
Sunday
Pumpkin

% Yellowstone
! Powder
| Tongue
=% Sunday
" Pumpkin

-Hydrologically Similar Basins have higher CC

-Quantifies the relationship

-Analysis takes a few hours.
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. QWAT - Retrieve,/Convert Web-WATSTORE file of Peak Flow int

Augillary Programs

Input File
[from above]

C:hhecerehoutZffa ffa

&00

13

y Death Cr trib 500

400

100

1960 1964 1968

Ornaha Distric

QWAT

- Retrieves/Converts USGS Peak Flow Data

- Links to USGS Peak Flow Site using
default browser

- Once find gage — download data
(WATSTORE Format)

- QWAT converts to FFA Input File
(QR Cards).
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i, EXTENSION - Performs Extension of Records {Two-Station Comparisol

Yalue to uze with Extended Record

EXTENDED TEFH LENGTH, W
EXTENDED TEFH STRMDARD [EVIATION, 2
EXTENIED TERH HEFRW LOG, H
ANTILOG
EXTENDED TERH H+&
ANRTILOG
EXTENDED TERH H-Z

ANTILOG

FOLLOWING CURNE IZ EEFULT OF AFFLYIMG SEEW COEFFICIENT,

2070450302

04100 001 0001 000

- Extension of Records or Two-Station
Comparison — Bulletin 17B — Appendix 7

- Adjusts mean log Q and stand deviation of
short-term station based on long-term station

- Can use inputted skew value for freq-curve
(technically this method is for zero skews)

-Example:




US Army Corps
of Engineers
Omaha District

Statistical
Properties

discharge

Standard
deviation

Years of record

OTHA - Omaha Tools for Hydrologic Analysis

Short-Term
Station

Long-Term | Extended Short-

Station

Term Station

- Modifies Statistical
Parameters

- Performs Freq-Factor
Equation.
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. QGEM - Generates Peak Flow Data using LR, LR w/noise, and MOYE thes

- Synthetic generation of individual peak flows

-Simple Linear Regression with nearby gage
-Linear Regression with “noise” (normally dist.)
- Maintenance of Variance Extension (MOVE)
Writes-out original data combined with
synthetic data to three FFA input files:

Outlr.ffa Outlrwn.ffa Outmove.ffa

Il De20lo00 - DPLATTE L NRE AZ

re
ise MOVE

- Example:
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Yellowstone R. near Sidney
Drainage Area = 69,103 sq. mi.

908 (—56 yeals)

Yellowstone R. at Miles City o
| Drainage Area = 48,253 sq. mi, -
1923 - 2000 (73 yea

Yellowstone River Application for Linear Regression,

Linear Regression with noise, and MOVE
Yellowstone

River
Number of Years for Long-Term Gage (Sidney) 86

Number of Years for Short-Term Gage (Miles City) 73
Number of Concurrent Years between Gages 69
Number of Years to Generate Data 17

Correlation Coefficient .&9
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160000

140000
Short-Term Station
120000

voooo0 ||
so000 ||
soo00 |
w000 b

0
160000 - = :
140000 Long-Term Station
120000
100000

80000

40000
20000
0

Regression Relationships
160000

120000 Synthetic Data Original Data
100000

80000

.
N -Setups 3 FFA
ATEETE T TEEEEETH
RARNRNRNRNRRRRNRNN

Input Files
-Run FFA.

40000
20000
0

1911 1915 1919 1923 1927 1931 1935 1939 1943 1947 1951 1955 1959
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Yellowstone River at Miles City
Discharge-Frequency Relationships

Legend

Orig. Data
= = = Lin. Reg.
=====: Lin. Reg. w/noise
= = = MOVE

100000 (O Orig. Data GPP
== === |7B - 2 Station Comparison

Flow in cfs

Yellowstone River gt Miles City
1% Discharge Estimates in cfs
Locatioi iginal iginal Dat Otiginal Data riginal Data  Bulletin 17B
Data pl Stippl 1 ippl 1 Two Station
vith Linea; with Linear with MOVE ~ Comparison
ession Gel Regression Gen Data

Dat /noise Gen
Data
104,00 117,000 99,400 108,000

095 0.9 08 0.7 06 05 04 03 0.2 0.1 0.05 0.01 0.001 0.0001

10000 Il Lrrerrelrebrriries
0.9999 0.999

Exceedance Frequency
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&, MIXPOPS - Mixed Populations - Computes seperate curves fior bwo p

[T : 40302 01005
z in Higher Population: iy By phi (sl [

"DOS - LIST" Qutput File

-Freq. Analysis for a gage that has 2 physically-
differentiable populations — hurricane events,
snowmelt runoff, etc.

-Computes separate flow-frequency curves by
converting gpp to linear distances — best-fit line

-Combines two curves using the Total
Probability Theorem:

P =P, +P,— P, Py

combined

-Example:
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100000

Traditional FFA Analysis

Q100=1580

o
G
£

2
o
L

'"::{_j'::_.: =
\\HHH‘ | \\\HH‘ \\\\H\‘\\\\‘\HHHH‘\\\\‘HH‘HH‘HH‘HH‘HH‘HHH\H‘\\\\‘H\\\\\ ‘HH\\\ | ‘HHH\

999 0.999 0.99 09509 0.80.70.60.5040.3 0.2 0.1 0.05 0.01 0.001 0.0

MIXPOP Analysis -Provides for more
Q100=3790 accurate flow-estimates.

Flow in cfs

100 \\HHH‘ | \\\HH‘ \\\\H\‘\\H‘\HHHH‘\\H‘HH‘HH‘HH‘HH‘\ \‘HH\HH‘\\\\‘H\\\\\ ‘HH\\\ | ‘HHH\
0.9999 0.999 0.99 0.9509 0.80.70.60.50.40.3 0.2 0.1 0.05 0.01 0.001 0.0001
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i&. TOTPRODB - Computes the total prob. of flooding by two different poj

-Given statistical parameters - computes
LP III distribution for two populations

hean log Discharge:

Standard Dewviation: I 01111

-Combines two curves using the Total

eficient [~ 010 0.40 B Probability Theorem:
Output File b DEOFOAIS04030Z 04005 001 OO OOO Pcombined - PA +PB B PAPB
-Regional Analysis.

Combined
Prob

21118
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PRECFREQ

-Precipitation-frequency analysis of hourly
data using the GEV-1 distribution and DSS

. PRECFREQ - Precipitation Frequency Analysis Using GE¥1 Probabi

-Can input up to 12 different durations,
(1-hour, 2-hour, 6-hour, 12-hour, etc.)

-Sorts out max “n-hour” value for each year

Auillary Programs
-Computes graphical frequency analysis and
analytical solution for the GEV-1 distribution

-Monthly, seasonal, or annual basis



US Army Corps
of Engineers

omaaDisricc  OTHA — Omaha Tools for Hydrologic Analysis

-Graphical Freq

-Analytical Freq

-Comparison/
Alternative to
TP 40 or

NOAA Atlas.
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RISK

Wi, RISK - Computes Total Risk of "Failure” during Project Life usin
Ornaha Distric

-Computes total risk of “failure” over project
life using Binomial Distribution

wen Mumber of Fai

-Computes “at least one” failure or exact
given number of failures

(Mumber of failures=:

Project Lite in '

-Example: Risk of having a 100-year flood
in a ten year period is 9.6%

Output File

Probability of failure _' aluld i failure o
-Example: Risk of having 3 100-year floods
Recurrance Interwal Recurrance Interwval . . . 0

{in years) for failure: 1oa. {in years) for failure: IIl a ten year pGI'lOd IS 0.4 A)

Number of failures: [(at least one) MNumber of failures:

Project Life in years: 10 Project Life in years:

Total Ri of Failure Total Ri of Failureis)
during P ct Life: 0. g during P ct Life:
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MEANPEAK

. MEANPEAK - Computes Ratio of Instantaneous Peak Flows ko M

-Computes ratio of instantaneous peak flows
eanpeak. fla & i A .
F aalisl IR Ao ' v | to mean daily flows for each year

-From FFA file, determine which day peak
4 flow occurred, then goes to DSS file to see
what the corresponding mean daily flow
was for that day — determines ratio

Esecute MEANFEAK -Determines the mean annual ratio and the

regression relationship between peak flow
d and ratio

) -Example:

11MAT1
TH1
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Date of
Peak

Discharge

2JUN1949
12JUL1950
31MAY1951
28MAR1952
11MAY1953
18JUN1954
10MAR1955
19MAR1956
17JUN1957

24MAR1987
27FEB1988
13MAR1989
17JUN1990
3JUN1991
6AUG1992
10MAR1993
S5MAR1994
28MAY1995
2JUN1996
21FEB1997
19JUN1998

LINEAR REGRESSION ANALYSIS:

/PLATTE R./NORTH BEND/FLOW//1DAY/OBS/

Annual
Peak

Discharge

21000.
25000.
30800.
18000.
20900.
22800.
12700.

7000.
44200.

54000.
21000.
31900.
37300.
21600.
15900.
97800.
49000.
32200.
20300.
31500.
27400.

Average Mean Daily Flow=
Average Ratio of Qp to Qm=

Y-Intercept=
Slope=

1.4811220169
-0.0000031839

Corresp.
Mean
Daily

Discharge

14900.
15000.
21200.
15000.
14600.
12200.
12000.

6600.
39100.

43700.
17000.
19800.
33600.
17900.
10500.
82300.
38000.
20200.
19000.
22000.
21500.

24824.
1.43171

Qp=[ 14811220169 + -0.0000031839(Qm)] (Qm)

Pe

Mean Q

I = T = B = N = W S R

PR R RRRRRP P PP

Ratio
of
ak Q

.4094
L6667
.4528
.2000
.4315
.8689
.0583
.0606
.1304

.2357
.2353
L6111
L1101
.2067
.5143
.1883
.2895
.5941
.0684
.4318
L2744

120000

® 4—— From FFA Input File

100000

80000

60000

40000

20000

1949

1954 ~1959~ 1964 1969 1974 ~ 1979" 1984 1989 1994 -




US Army Corps
of Engineers

omaaDisricc  OTHA — Omaha Tools for Hydrologic Analysis

&, STATIONARITY - Test for Trends in Time-Series of Statistical Properti

-Tests for stationarity in statistical parameters

-Essentially FFA in a loop — time-series of
statistical parameters

150 1538 1240 1945 120 1555 190 hi=="1 1570 1575 1820
os=

standard dewiation

-Performs trend-analysis on stat. parameters

-Performs statistical significance using t-test
(checking if slope of line is significant)

" Output File

1945 1950 1955 1960 1965 1970 1975

Tear Flow Flow
000000000000000000000000000000000

- Example:
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mean log discharge

ERERERFT

1930

0.68

OTHA - Omaha Tools for Hydrologic Analysis

- Mountain Watershed

- Urbanizing Watershed

mean log discharge

\CD\ e b L b b b L b

1935 1940 1945 1950 1955 1960 1965 1970 1975 1980

[ SE S AN Y

standard deviation

i

©
o

NSNS NIVIGIIUY

skew

2000

100-Year Flow Estimate

000000 0 O G Ty BB o000

1920

1940 1960 1980 2000

0.64
0.60
0.56
0.52
0.48
0.4
0.40

1930

1.00
0.50
0.00
-0.50
-1.00
-1.50
-2.00

19

250000
200000
150000
100000
50000
0

1930

standard deviation

1935 1940 1945 1950 1955 1960 1965 1970 1975 1980

OOU/ WDOC@O

skew
o e e e e b b b by L

0 1935 1940 1945 1950 1955 1960 1965 1970 1975 19

w

100-Year Flow Estimate

O b b b b b b b b by
1935 1940 1945 1950 1955 1960 1965 1970 1975 1980
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. OTHA - Time Series / Statistical Analysis

U.5. Army Corps
of Engineers

Omaha District

OTHA - Omaha Tools for Hydrologic Analysis

Time Series/Statistical Analysiz Programs
for Water Resources Data

Links to HEC Progranm:

Doaily Flovs Programs — |Inst. Peak Flow Progran

written by W arren Mewbold

itten by Tam MNavrkal

heck-out the OTHA,

ACE, and th

| General Program |

. rwo. uzace. army. mil. Aotha

OTHA - Omaha Tools for Hydrologic Analysis

Conclusion

- Built-in Users Manual and link to Web-Site

- All routines have been used/tested in the
Omabha District on a variety of projects

-All routines have built-in example files
which are also the default values

-Written by/for Omaha District — available to
whomever could use it

-For further information or downloads:

Questions?




